Background {#Sec1}
==========

Esophagectomy is a primary curative modality for localized esophageal cancer. Esophagogastric anastomotic leakage (AL) is a devastating complication of esophageal resection and is associated with serious patient morbidity and mortality \[[@CR1]--[@CR3]\]. The reported incidence of ALs accounts for 40 % of postoperative fatalities after esophagectomy, with the frequency ranged from 4 to 17 % \[[@CR2], [@CR4], [@CR5]\]. Although the etiology of ALs is multifactorial, anastomotic technical errors and occult ischemia of the mobilized gastric fundus are the two major causes \[[@CR1], [@CR6]\]. Thus, choosing what surgical technique is supposed to play a major role. For example, esophagogastric anastomoses after esophagectomy can be performed in the neck or chest, by a hand-sewn method or by using a mechanical stapling device \[[@CR7], [@CR8]\].

Minimally invasive esophagectomy (MIE), which was first described in the 1990s \[[@CR9]--[@CR11]\], was attributed to the superiority on a reduced risk of postoperative outcomes without compromising oncological outcomes, avoiding thoracotomy and laparotomy \[[@CR12]--[@CR17]\]. Therefore, theoretically, the procedure of MIE may have a significant impact on the reduction in ALs risk due to the introduction of long laparoscopic and thoracoscopic instruments. Nevertheless, after scrutinizing pertinent original research articles and randomized controlled trials, we found that this theoretical assumption has never been subjected to empirical verification. The main reason for this might be that previous studies focused too much on efficacy and safety rather than surgical techniques.

Therefore, at least two critical questions are of considerable interest and remain unanswered in esophageal surgery: (i) whether MIE has superiority in reducing the occurrence of ALs when compared to open esophagectomy (OE) and (ii) whether the anastomotic methods or sites of MIE have effect on prevention of ALs. For this, we conducted the present systematic review and meta-analysis to comprehensively explore the relation between ALs and MIE, as well as ALs and the concomitant anastomotic methods or sites, aiming to provide meaningful clues for future research and current clinical practice.

Methods {#Sec2}
=======

Literature search {#Sec3}
-----------------

Two independent observers searched the following databases in Medline, Embase, Wiley Online Library, and other sources such as the Cochrane Library from inception to December 15, 2014. The databases were searched using the terms minimally invasive esophagectomy, esophageal cancer, esophageal carcinoma, and open esophagectomy. This report complies with the preferred reporting items for systematic reviews and meta-analyses (PRISMA) \[[@CR18]\].

Study selection {#Sec4}
---------------

Studies were selected for inclusion if they met the following criteria: (i) comparing MIE with OE, (ii) published in English or Chinese, (iii) randomized or non- randomized controlled study with parallel controls, and (iv) gray literatures such as conference proceedings, reports, and other peer-reviewed research.

The following studies were excluded: (i) interest was not reported or it was impossible to calculate the outcomes from the published results, (ii) not mentioning a distinct group of patients or comparing the outcomes of interest, and (iii) review articles, letters, comments, case reports, and unpublished articles (abstracts only).

Quality assessment and data collection {#Sec5}
--------------------------------------

The methodological quality of the included studies was independently assessed by two observers using the methodological index for non-randomized studies (MINORS) instrument, a quality assessment tool specifically developed for systematic reviews of non-randomized control studies \[[@CR19]\]. The total quality score ranges from 0 (low quality) to 24 (high quality). The disagreements between the two observers were resolved by discussion with the corresponding author via e-mail or personal interview.

The information, extracted from each publication in the form of a table, included the following: authors, the nation of origin, the year of publication, the number and ages of the patients, etc. All eligible studies were retrieved and evaluated by two independent reviewers. Disagreements on inclusion were discussed with the guidance of the corresponding author via e-mail, if necessary.

Outcomes definition {#Sec6}
-------------------

The definition of minimally invasive esophagectomy (MIE) is totally MIE, not including thoracoscopic/laparotomy assisted esophagectomy, or hybrid MIE. Anastomotic leakages, leak, and fistula uniformly referred to ALs.

Statistical analysis {#Sec7}
--------------------

The primary outcome measure was ALs, as it was considered an important outcome indicator in esophageal surgery and had been used to compare outcomes among different medical institutions. Secondary outcome included the association of ALs and anastomotic sites or methods for patients under MIE.

After appropriate conversion, data from the various studies were combined using fixed-effects meta-analyses. Forest plots were provided with pooled odds ratios (ORs) and corresponding 95 % confidence intervals (CIs). Begg's funnel plot was used to provide diagnosis of the potential publication bias \[[@CR20]\]. Cochran's chi-square-based *Q* statistic test was performed in order to assess possible heterogeneity between the individual studies and thus to ensure that each group of the studies was suitable for meta-analysis \[[@CR21]\].Thresholds for interpretation of heterogeneity were adopted as outlined in the Cochrane Handbook: 0 to 40 %-low, 30 to 60 %-moderate, 50 to 90 %-possible substantial, and 75 to 100 %-considerable heterogeneity. If the heterogeneity was high \[[@CR22]\] (*I*^2^ \> 50 % or *P* \< 0.10), a sensitivity analysis would be performed using the "metaninf" *Stata* command. If the heterogeneity was deemed to be considerable, we would not pool the results and provide a narrative assessment instead \[[@CR23]\].All statistical processes were done in Stata version 12.0 (Stata Corp LP, College Station, TX, USA) software.

Results {#Sec8}
=======

Selected studies and methodological quality {#Sec9}
-------------------------------------------

Figure [1](#Fig1){ref-type="fig"} shows a flow diagram of our search and selection process. Forty-four studies were selected from the 57 studies, with the reason that 13 studies did not compare the outcomes of ALs. The evaluation results of the methodological quality of the studies are shown in Table [1](#Tab1){ref-type="table"}. The total quality scores of the included studies ranged from 16 to 20 (Table [1](#Tab1){ref-type="table"}). Randomized controlled design was done in only one study \[[13](http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=22920402)\].Fig. 1Flow diagram of the search and selection methodTable 1Characteristics and demographics of included studiesStudyYearCountryDesignCasesALsMINORSAdeno. %AnastomosisMIEOEMIEOELocationProceduresSmithers BM \[[@CR42]\]2007AustraliaP231141102070.6CervicalHand-sewn[Kunisaki C](http://www.ncbi.nlm.nih.gov/pubmed?term=Kunisaki%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15599295) \[[@CR43]\]2004JapanP15302116NAIntrathoracicStaplerLaw S \[[@CR58]\]1997ChinaNA18630216NACervicalHand-sewnNguyen NT \[[@CR24]\]2000USAR18362416NACervicalStapler and hand-sewnKubo N \[[@CR25]\]2014JapanR93746716NACervicalUnknownOsugi H \[[@CR44]\]2003JapanP727712200CervicalUnknownVan den Broek WT \[[@CR62]\]2004NetherlandsNA1914231971.1CervicalHand-sewnBraghetto I \[[@CR26]\]2005ChileR476031020NACervicalHand-sewnBenzoni E \[[@CR45]\]2006ItalyP913112023.8CervicalHand-sewnFabian T \[[@CR27]\]2006USAR5124332069.2Cervical and intrathoracicUnknownShiraishi T \[[@CR28]\]2006JapanR78379916NACervicalUnknownBresadola V \[[@CR64]\]2007ItalyNA22431216NACervicalHand-sewnPerry KA \[[@CR46]\]2009USAP2121461645.2CervicalUnknownParameswaran R \[[@CR60]\]2009UKNA5030411982.5CervicalStaplerKitagawa H \[[@CR54]\]2009JapanNA16101220NACervicalHand-sewnZingg U \[[@CR63]\]2009AustraliaNA569811112072.1CervicalHand-sewnSaha AK \[[@CR61]\]2009UKNA1628231916+CervicalStapler and hand-sewnHamouda AH \[[@CR47]\]2010UKP2451301680IntrathoracicHand-sewnWang H \[[@CR59]\]2010ChinaNA272954165.3CervicalUnknownSchoppmann SF \[[@CR48]\]2010AustraliaP3131182046.8CervicalHand-sewnPham TH \[[@CR14]\]2010USAP4446451674.4Cervical and intrathoracicStaplerSafranek PM \[[@CR49]\]2010UKP41467116NACervicalStapler and hand-sewnTsujimoto H \[[@CR29]\]2010JapanR20371516NACervical and intrathoracicStapler and hand-sewnSchröder W \[[@CR30]\]2010GermanyR23818118171660.1IntrathoracicStaplerBerger AC \[[@CR56]\]2011USANA6553961679.7CervicalStaplerYamasaki M \[[@CR57]\]2011USANA109107641679.7CervicalStaplerGao Y \[[@CR31]\]2011ChinaR967876165.2CervicalHand-sewnLee JM \[[@CR50]\]2011JapanP3064218205.1CervicalStapler and hand-sewnNafteux P \[[@CR32]\]2011BelgiumR651015101675.3CervicalUnknownSundaram A \[[@CR33]\]2012USAR4757442078.8CervicalUnknownSihag S \[[@CR51]\]2012USAP3876021685.1IntrathoracicStaplerMaas KW \[[@CR34]\]2012NetherlandsR5050432069CervicalHand-sewnKinjo Y \[[@CR52]\]2012JapanP10679810193.2CervicalUnknownTsujimoto H \[[@CR35]\]2012JapanR222773Cervical and intrathoracicStaplerBiere SS \[[@CR15]\]2013NetherlandsRCT5956741861.7Cervical and intrathoracicStaplerNoble F \[[@CR53]\]2013UKP53535219NACervical and intrathoracicStaplerIchikawa H \[[@CR55]\]2013JapanNA15316214272066.7Cervical and intrathoracicHand-sewnMu J \[[@CR36]\]2014ChinaR17614212416NACervicalStaplerKauppi J \[[@CR37]\]2014FinlandR74797618NAIntrathoracicHand-sewnMeng F \[[@CR38]\]2014ChinaR948967183.2CervicalHand-sewnZhang J \[[@CR39]\]2014ChinaR60613216NAIntrathoracicStaplerLi J \[[@CR40]\]2014ChinaR893181945202.2Cervical and intrathoracicStapler and hand-sewnJavidfar J \[[@CR41]\]2012USAR92165571891CervicalUnknown

Characteristics of studies {#Sec10}
--------------------------

The selected trials included a total of 43 studies and 5537 patients (Table [1](#Tab1){ref-type="table"}). Among the included 43 studies, 19 were retrospective studies \[[@CR15], [@CR24]--[@CR41]\], 13 were prospective ones \[[@CR14], [@CR42]--[@CR53]\], and only 1 was randomized controlled trial (RCT) \[[13](http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=22920402)\]. Ten studies were done in Japan \[[@CR25], [@CR28], [@CR29], [@CR35], [@CR43], [@CR44], [@CR50], [@CR52], [@CR54], [@CR55]\], 9 in USA \[[@CR14], [@CR24], [@CR27], [@CR33], [@CR41], [@CR46], [@CR51], [@CR56], [@CR57]\], 7 in China \[[@CR31], [@CR36], [@CR38]--[@CR40], [@CR58], [@CR59]\], 5 in the UK \[[@CR47], [@CR49], [@CR53], [@CR60], [@CR61]\], 3 in Netherlands \[[@CR15], [@CR34], [@CR62]\], 3 in Australia \[[@CR42], [@CR48], [@CR63]\], 2 in Italy \[[@CR45], [@CR64]\], and the remaining were conducted in Germany \[[@CR30]\], Chile \[[@CR26]\], Belgium \[[@CR32]\], and Finland \[[@CR37]\].

Type of surgery {#Sec11}
---------------

Data for ALs were available for 43 studies totaling 5537 patients, of whom 2527 (45.6 %) patients underwent MIE and 3010 (54.4 %) underwent OE, with an overall ALs rate of 9.2 % (509/5537). The pooled OR of 0.97 (95 % CI = 0.80--1.17), as shown in Fig. [2](#Fig2){ref-type="fig"}, indicated no significant reduction in the risk of ALs after MIE when compared with OE, with no heterogeneity among results from different studies (*I*^2^ = 0.0 %, *P* = 0.564).Fig. 2MIE and risk of anastomotic leakages (ALs)

Anastomotic location of MIE {#Sec12}
---------------------------

The analysis on anastomotic location of MIE on ALs status was based on 34 trials or 4005 participants. An insignificant effect of the anastomotic location of MIE in ALs status (OR = 0.90, 95 % CI = 0.71--1.13) was showed in Fig. [3](#Fig3){ref-type="fig"}, with no statistical heterogeneity (*I*^2^ = 0.00, *P* = 0.771).Fig. 3Anastomotic location of MIE and risk of anastomotic leakages (ALs)

Twenty-eight studies, including a total of 3078 patients, had cervical anastomosis as anastomotic location for MIE, with an overall rate of 9.0 % (278/3078). The summary OR 0.84, as shown in Fig. [3](#Fig3){ref-type="fig"}, indicated that no significant reduction of 14 cases per 1000 individuals treated with MIE (95 % CI = 0.65--1.09) when compared with OE, with no heterogeneity among results from different studies (*I*^2^ = 0.0 %, *P* = 0.791).

The remaining 6 studies totaling 927 patients went through thoracic anastomosis as anastomotic location for MIE, with an overall ALs rate of 6.6 % (61/927). However, fix-effects pooled analysis (OR = 1.14, 95 % CI = 0.69--1.70) suggested that the incidence of ALs was not significantly higher when compared with OE (33/449, 7.3 vs. 5.8 %, 28/478), with no heterogeneity among results from different studies (*I*^2^ = 6.1 %, *P* = 0.377), as shown in Fig. [3](#Fig3){ref-type="fig"}.

Anastomotic procedure of MIE {#Sec13}
----------------------------

The analysis on anastomotic procedure of MIE on ALs status was based on 27 trials totaling in 3478 participants. No statistical significance effect of anastomotic procedure of MIE in ALs status (OR = 1.02, 95 % CI = 0.79--1.30) was showed in Fig. [3](#Fig3){ref-type="fig"}, with no statistical heterogeneity (*I*^2^ = 0.00, *P* = 0.539).

Fifteen studies including 1687 cases had hand-sewn anastomosis as anastomotic procedure for MIE, with an overall rate of 9.5 % (160/1687). However, as shown in Fig. [4](#Fig4){ref-type="fig"}, the pooled OR was 0.80 (95 % CI = 0.57--1.11) which indicated insignificant reduction of 18 cases per 1000 individuals treated with MIE (62/732, 8.5 vs. 10.3 %, 98/955), with no heterogeneity among results from different studies (*I*^2^ = 0.1 %, *P* = 0.448).Fig. 4Anastomotic procedure of MIE and risk of anastomotic leakages (ALs)

Twelve studies and 1791 cases investigated stapler anastomosis as anastomotic method for MIE, with an overall ALs rate of 7.1 % (128/1791). The pooled OR was 1.36 (95 % CI = 0.94--1.97), showing insignificantly absolute decrease of 24 patients per 1000 individuals treated with MIE, with *no* heterogeneity (*I*^2^ = 0.0 %, *P* = 0.807), as shown in Fig. [4](#Fig4){ref-type="fig"}.

Publication bias and sensitivity analysis {#Sec14}
-----------------------------------------

We plotted Begg's funnel plot (Fig. [5](#Fig5){ref-type="fig"}) to examine small study effects. We also used Begg's and Egger's weighted regression method to calculate *P* values for bias. As shown in Fig. [5](#Fig5){ref-type="fig"} the shape of the funnel plots did not reveal any evidence of obvious asymmetry. The *P* values of the Egger's test were 0.869, 0.578, and 0.417 for type of surgery, anastomotic location of MIE, and anastomotic procedure of MIE, respectively, implying no existence of publication bias.Fig. 5Begg plot of included studies

The influence of each study on the pooled ORs was examined by repeating the meta-analysis while sequentially omitting individual studies. Sensitivity analysis for type of surgery, anastomotic location of MIE, and anastomotic procedure of MIE indicated that no single study influenced the pooled ORs qualitatively, suggesting that the results of our meta-analysis are stable.

Discussion {#Sec15}
==========

In our systematic review and meta-analysis, data to study the superiority of MIE on the occurrence of ALs was assessed in 43 studies totaling 5537 patients. We showed in a comprehensive systematic review that the use of stapler anastomosis for MIE might be insignificantly associated with the occurrence of ALs when compared with OE, irrespective of anastomotic locations or procedures.

As we described previously, resection for carcinoma of the esophagus with gastric transposition is currently considered as the standard surgical treatment for cure or palliation of esophageal cancer patients. Stomach is used most commonly for restoring gastrointestinal continuity through esophagogastrostomy anastomosis \[[@CR7], [@CR8]\]. AL after esophageal resection for cancer is supposed to be a severe complication, which contributes to considerable mortality and poor healing quality. In our analysis, the occurrence of ALs was 9.2 % (509/5537), which was consistent with the frequency 4--17 % reported in the previous papers. The prevention of ALs appears quite important in clinical research. Anastomotic technical errors and occult ischemia of the mobilized gastric fundus were regarded as the two major causes in the etiology of ALs. In comparison with OE technique, we also found the AL rate tended to reduce after cervical anastomosis but increase after intrathoracic anastomosis. The result was inconsistent with the previous report that MIE was associated with an increased incidence of AL due to the traumatic handling of the gastric conduit and the pressure transmitted through rigid laparoscopic instruments during mobilization, which resulted in increased tissue ischemia \[[@CR65], [@CR66]\]. The discrepancies could be attributed by the differences in the size and design of included studies.

The classical open approaches for esophageal resection include resection with a left thoracotomy, a thoracoabdominal resection approach and left neck, thoracoabdominal resection approach, also named as Sweet esophagectomy, Ivor Lewis esophagectomy, and McKeown-type esophagectomy. We know that esophagogastric anastomoses after esophagectomy can be performed in the neck for Sweet and Ivor Lewis approaches or the chest for three-incision approach \[[@CR7], [@CR8]\]. Moreover, whether the anastomosis should be performed in the neck or thorax is still a highly controversial issue in reconstruction after esophagectomy. Some authors favor anastomoses in the neck despite an increased incidence of leakage and damage to the recurrent laryngeal nerve due to better tumor eradication and reduced mortality and morbidity associated with an anastomotic breakdown \[[@CR67], [@CR68]\]. Others favor thoracic anastomosis for a lower but more ominous leakage rate due to less esophagi removed but decreased margins \[[@CR69]\]. Consequently, anastomotic locations were assumed to have effect on leakage rates in the construction of intrathoracic and cervical esophagogastric anastomosis. In our analysis, we found the frequency of AL occurred in 8.3 and 9.7 % participators in MIE and OE groups, respectively, when performed with cervical esophagogastric anastomosis. However, no significant differences in the occurrence of ALs between the two groups were found when performed with thoracic or cervical esophagogastric anastomosis. Therefore, more proofs were needed to clarify the strengths and weaknesses of each anastomotic location.

We know that esophagogastric anastomoses can be performed via hand-sewn or stapled techniques by using mechanical stapling devices. Mechanical stapled anastomotic techniques, which were first described in 1977 \[[@CR70]\], were deemed to have advantages of reduced time and likelihood of esophagogastric anastomotic failure, owing to the relatively ischemic gastric conduit resulting from staple distribution, staple closure, and the more uniform anastomotic tension along the entirety of the anastomosis \[[@CR71]\]. Many reports showed that mechanical stapled anastomoses can decrease the rate of leakage after esophagogastrostomy \[[@CR72], [@CR73]\]. In our analysis, we failed to demonstrate a statistically significant difference in anastomotic leak rate after the comparison of MIE and OE undergoing hand-sewn or stapled technique. This consistent result further partly corroborates the existing evidence that mechanical stapled anastomoses can decrease the rate of leakage after esophagogastrostomy \[[@CR72], [@CR73]\]. The underlying reason may be the similarity in the adequately exposed operative field and level of ischemic gastric conduit. Nevertheless, our results indicated a tendency that the application of MIE could reduce the rate of ALs by hand-sewn anastomoses but increased the rate of ALs by stapled anastomoses. Therefore, there is insufficient evidence to clarify the strengths or weaknesses of MIE in preventing anastomotic leakages after esophagectomy for cancer.

Our meta-analysis has some limitations that might affect the interpretation of the results. First of all, among the included studies, only one was a RCT. The remaining 43 studies included were case-control or cross-sectional studies, which were susceptible to recall and selection biases. Therefore, to some degree, the studies included could not provide better evidence for potential treatment effects/harms than RCT. There might have been some underreporting of weight and overreporting of height, which might have led to an underestimation of the OR for this association. Secondly, there existed differences in study designs, demographics of participants, standardized protocols, histopathological types, and the characteristics of the tumor (poor tumor differentiation or advanced TNM stage). However, despite the use of appropriate meta-analytic techniques, we are unable to account for these differences, which may result in an overestimation or underestimation of the effect of MIO. Thirdly, unmeasured or residual confounding was likely to be present, such as preoperative nutritional status, intraoperative collateral tissue damage, bleeding, worsening organ failure due to surgical trauma, or difference of surgical techniques among the surgeons in included studies. Finally, we have to admit that patients selected for minimally invasive surgery are more likely to be in early stages of cancer, with smaller tumors and less risk of complications occurrence than patients in late stages.

Conclusions {#Sec16}
===========

Minimally invasive esophagectomy seems to have a significant impact on the reduction in ALs risk due to the introduction of long laparoscopic and thoracoscopic instruments. A systematic review and meta-analysis can help to confirm the superiority.

Currently, there is no evidence to clarify the strengths or weaknesses of MIE in preventing anastomotic leakages after esophagectomy for cancer. A largely randomized, controlled trial should be undertaken to resolve this contentious issue urgently.
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